Abstract PURPOSE: Epidemiologic data from various regions have shown familial correlations of cardiovascular risk factors and the metabolic syndrome (MES), but not spousal concordance that reflects shared environmental factors, which we now describe in a Korean general population.
INTRODUCTION
The metabolic syndrome, also known as the insulin resistance syndrome, is defined by a clustering of risk factors for cardiovascular disease. Epidemiologic data from various regions have shown familial correlations of cardiovascular risk factors and metabolic syndrome (1) (2) (3) (4) (5) .
Familial correlation of the metabolic syndrome can be explained by common genetic and environmental factors that predispose to the development of the condition. However, discrimination of the relative contribution of the genetic and environmental components of the correlation is problematic. Both components can contribute to disease independently or in conjunction. As such studies on the spousal concordance of certain diseases as a result of shared lifestyle and socioeconomic environment, but on a unrelated genetic background, allows the investigation of determinants related to non-genetic factors (6, 7) . Identification of the relative contributions of shared modifiable environmental risk factors may then improve our understanding and thus enable targeting of detrimental lifestyle minimizing the rapid increase in the prevalence of the metabolic syndrome. Thus we studied the spousal concordance of metabolic syndrome and each of its metabolic risk components, using data on 3,141 married couples in Korea.
METHODS

Study population
The Korean National Health and Nutrition Examination Surveys (KNHANES) were conducted in non-institutionalized Korean civilians in 1998 and 2001. The KNHANES consisted of basic household interview, health interview and examination, and 24-hour recall and food frequency questionnaire-based nutrition survey. A stratified multistage probability sampling design was used, with selection made from sampling units based on geographical area, sex, and age groups using household registries. Based on the results from the basic houshold interview, a total of 8, 435 families (4,395 in 1998 and 4,040 in 2001) were selected for the health interview and examination, and nutrition survey. Among those families, 19,541 individuals (9,771 in 1998 and 9,770 in 2001) aged ten years or more completed the health examinations. Among them, we identified 4090 couples, who were married at the time of interview. Both spousal members of 3210 couples were fasting for at least eight hours, when their blood samples were obtained. We further excluded 69 couples with pregnant spouses, resulting in the use of 3141 couples for the analyses.
Data collection
Anthropometric measurements including height, weight, waist circumference and hip girth on individuals wearing light clothing and without shoes were conducted by well-trained examiners.
Waist circumference measurements were taken at the end of normal expiration to the nearest 0.1 cm, measuring from the midpoint between the lower borders of the rib cage and the iliac crest. A standard mercury sphygmomanometer was used to measure the blood pressure of each subject in the sitting position after a 10-minute rest period. During the 30 minutes preceding the measurement, subjects were required to refrain from smoking or consuming caffeine. Systolic and diastolic blood pressure was measured at phase I and V Korotkoff sound, respectively. Two readings, each of systolic and diastolic blood pressure were recorded and the average of each measurement was used for data analysis. If the first two measurements differed by more than 5 mmHg, additional readings were obtained. Blood samples were obtained from an antecubital vein into vacutainer tubes containing EDTA in the morning after the overnight fast. Samples were subsequently analyzed at a central, accredited laboratory. Serum glucose, triglycerides, total cholesterol, and high-density lipoprotein (HDL)-cholesterol were measured by an autoanalyzer (Hitachi 747 auto-analyzer, Japan). Current medication status of the participants for hypertension or diabetes was determined by self-administered questionnaire.
Definition of metabolic syndrome
The metabolic syndrome was defined according to the National Cholesterol Education Program Adult Treatment Panel-III (ATP-III), except for abdominal obesity by waist circumference (8) .
We used a waist circumference cutoff of >90 cm in men and >80 cm in women, according to the report by the International Diabetes Institute / Western Pacific World Health Organization / International Obesity Task Force (9) . Hence, in this study, participants having three or more of the five following criteria were defined as having the metabolic syndrome: high blood pressure (≥130/85 mmHg), elevated fasting blood glucose (≥110 mg/dl or 6.05 mmol/l), hypertriglyceridaemia (≥150 mg/dl or 1.65 mmol/l), low HDL-cholesterol (men, <40 mg/dl or 1.05 mmol/l; women, <50 mg/dl or 1.30 mmol/l), and abdominal obesity by waist circumference (men, >90 cm; women, >80 cm). Participants receiving anti-hypertensive or anti-diabetic medications were included in the high blood pressure group and the high fasting blood glucose group, respectively.
Statistical analyses
Descriptive data are shown as mean ± standard deviation. We used Pearson's correlation coefficient to determine the correlation between spouses for the components of metabolic syndrome and other cardiovascular risk factors. As spousal members tend to be close in age, and age contributes to these conditions and thus to spousal correlation, we also estimated correlation coefficients for age-adjusted residuals of each risk factor. Residuals are the differences between the observed and estimated values from age and risk factor analyses. Spousal concordance of metabolic syndrome and each metabolic component was measured, and described using odds ratio and their respective 95% confidence intervals. An odds ratio greater than 1.0 indicates spousal concordance. Unadjusted and age-adjusted odds ratios were estimated by logistic regression models. We calculated the prevalence of metabolic syndrome and each metabolic abnormality by age, and finally we estimated the odds ratio for spousal concordance for metabolic syndrome in different age groups. Table 1 shows the level of major cardiovascular risk factors and their spousal correlations in 3,141 married Korean couples. All major risk factors were highly correlated between the spouses, even after adjusting for the age of the spouses. According to the ATP-III definition, 565 (18.0%) husbands and 585 (18.6%) wives had the metabolic syndrome. When we used the ATP-III criteria for abdominal obesity (102 cm for men and 88 cm for women), the prevalence of abdominal obesity was 1.7% in men and 15.3% in women. However, when we used modified Asian criteria (90 cm for men and 80 cm for women), the prevalence of abdominal obesity was 23.7% in men and 42.1% in women, and the prevalence of the metabolic syndrome increased to 25.7% and 25.9%, respectively. High blood pressure (48.1%) and serum triglycerides (40.9%) were the most frequent metabolic abnormalities in men, while low serum HDL-cholesterol (54.4%) and abdominal obesity (42.1%) were the most frequent in women (Table 2) .
RESULTS
Participants whose marital partner had metabolic syndrome were at increased risk of having the syndrome, when compared with those whose partner did not have the syndrome. If we adjusted for ages of both partners, the spousal odds ratios for the metabolic syndrome were slightly attenuated but still significant. Although the spousal concordance was observed in all the five components of the metabolic syndrome, there was difference in the strength of the concordance between the components. High fasting glucose level showed the strongest spousal concordance. Strength of the spousal concordance in hypertension was markedly attenuated after adjustment for age, whereas the concordances in high triglyceride, low HDL-cholesterol and central obesity did not change even after adjustment for ages of the spousal members (Table 2) .
Preliminary analyses of the KNHANES 2001 24-hour recall nutrition survey showed that there was a high level of age-adjusted correlation between the spouses for protein, fat, carbohydrate, fiber and total energy intake ranging from 0.36 to 0.54, p<0.001 for all. Table 3 shows the prevalence of metabolic syndrome and each risk factor by age. An increasing prevalence of the metabolic syndrome with age was observed in both men and women, but the slope was steeper in women. The prevalence of metabolic syndrome in men did not increase after age 50, while the prevalence in women increased continuously with age. In men, high blood pressure and high fasting blood glucose were positively related with age. However, high triglyceride levels and abdominal obesity in men aged ≥60 years were less frequent than in those aged 40 to 59 years. In women, all the five risk factors positively increased with age. Until age 60 years, high blood pressure, fasting blood glucose, and serum triglycerides were more frequent in men than in women. However after 60 years, the prevalence of these conditions was higher in women (Table 3) . When we examined the spousal concordance for the presence of the metabolic syndrome with the metabolic score, namely the number of shared metabolic syndrome components, the age-adjusted odds ratios were significant in the males and females ranging from 1.27 to 2.58, with a significant odds ratio per risk factor of 1.13 (Table 4) . Spousal concordance of metabolic syndrome was estimated in different age groups. In men and women aged <40 years or aged 50 to 59 years, spousal correlation for the metabolic syndrome was not significant (Table   5) .
DISCUSSION
The present study showed an overall spousal concordance for the metabolic syndrome and each of its components in these 3141 married couples from Korea. When one spouse tested positive for the metabolic syndrome, his or her marital partner showed about a 30% increased risk of also having the metabolic syndrome. These findings suggest that not only genetic factors but also environmental factors may contribute to the development of metabolic syndrome.
Spousal concordance
The positive spousal correlations of cardiovascular risk factors have been reported in earlier studies (10, 11) . In addition to those findings, we showed strong spousal concordance for the metabolic syndrome and its components. While husband and wife are not genetically related, they do share common environmental factors that may predispose to the development of these conditions. Thus if it is observed that there is a significant spousal concordance for a certain disease, the mechanism is likely to be predominantly mediated by the environmental challenge on a permissive genetic background (6) .
Spousal concordance of the metabolic syndrome and each risk factor in our study could be mediated by both "cohabitation effects" and "assortative mating" (1, 10) . In general, husband and wife share the same or similar household environment, which usually implies the sharing of many aspects of lifestyle. This cohabitation is the most likely mechanism that explains the spousal concordance of the metabolic syndrome, particularly given the high spousal concordance of dietary intake, such as calorie and carbohydrate intake, the latter possibly contributing to the high spousal concordance observed for glycosylated hemoglobin levels. However, spousal concordance can also be explained by assortative mating. People tend to choose a marriage partner who possesses characteristics and lifestyle habits similar to their own. Several previous studies suggested that concordance for several cardiovascular risk factors could be due to positive assortative mating (1,6,10). We could not clearly discriminate the effects of cohabitation and the effects of assortative mating in the development of spousal concordance. However, our findings suggest that non-genetic lifestyle factors significantly contribute to the underlying causes of metabolic syndrome. The findings imply that marital partners of people with the metabolic syndrome could be a potential target population for screening and/or the introduction of disease prevention strategies.
Age effects
In our population, the prevalence of the metabolic syndrome in men did not increase after age 50 years, while the prevalence continuously increased with age in women (Table 3) . This finding has already been reported in previous studies in Koreans and in other populations (12) (13) (14) (15) (16) . Gender differences in the development of the metabolic syndrome after age 50 might be due to the higher prevalence of abdominal obesity and prominent weight gain associated with ageing in women compared with men in Korea. Menopause may be a contributing factor for this abrupt increase in women after age 50. We did not measure the menopausal status, but the abdominal obesity and acute increase of insulin resistance after menopause has been reported previously (17) .
When we examined the spousal concordance of the metabolic syndrome by different age groups, we could not observe spousal concordance in men and women aged below 40 years and in those aged 50 to 59 years. It is not clear why these differences by age in the spousal concordance of the metabolic syndrome were observed. In the younger age range it may be the result of the relatively low prevalence of the metabolic syndrome, and probably a shorter duration of marriage and thus less exposure to the common predisposing environmental factors. The nonconcordance of the metabolic syndrome in the age 50-59 range could be explained, at least partially, by the menopausal effects in women. Data on menopausal status was obtained only in 2001 survey, and the mean age at menopause was 48.0 years. Compared with the younger age group (40-49 years), the women aged 50-59 years showed markedly increased prevalence of metabolic syndrome (22.3% to 43.9%), whereas the increase of the prevalence was minimal in men (28.2% to 29.5%).
Regional differences
Compared with most Western populations, Koreans have lower cholesterol and body weight levels. However, the prevalence of the metabolic syndrome is still high, and has been estimated at 20 to 30% in Korean adults (13, 14, 18, 19) . Among the five components of metabolic syndrome, the prevalence of abdominal obesity has the biggest impact on the difference between Korean and Western populations. There is increasing evidence that Asian people have a lower body mass index and waist circumference than Caucasians, but they have higher percent body fat and different fat distribution (20) (21) (22) . Thus several studies used various modified criteria for abdominal obesity in Asian people (13, 18, 20, 21, 23, 24 Accordingly, the prevalence of metabolic syndrome also increased from 18.0% to 25.7% in men and from 18.6% to 25.9% in women. These findings are in agreement with most previous studies in Asia (13, 15, 18, 21, 23) , but the impact of decreasing the abdominal obesity criteria on the prevalence of metabolic syndrome differed by ethnic groups (21) . In contrast to the abdominal obesity, frequencies of high triglyceride levels and of low HDL-cholesterol were higher in Korean than in Western populations. However, we do not have enough data to define the normal range of triglycerides and HDL-cholesterol. Many studies suggested that ATP-III criteria, when applied to an Asian population, would underestimate the population at risk (13, 18, 21, 23) . Our data support that the original ATP-III criteria might not be applicable to the Korean population.
We also observed that the spousal concordance of metabolic syndrome was more prominent when we used modified criteria than when we used original ATP-III criteria (Data are not shown).
Strengths and limitations
The important strengths of our study are its large sample size and its representativeness. We investigated the spousal concordance of the metabolic syndrome in a large general population, which included more than 3,000 married couples from a nationally representative sample.
External validity is therefore sufficient to extrapolate the findings to the general Korean population.
A major limitation of this study is that we had no information on the marriage duration or on the sequence of events (for example, when the participants married, whether they already had the disease at the time of marriage, or how long after the marriage they were given the diagnosis).
Thus we could not discriminate assortative mating from cohabitation effects in the development of spousal concordance. However, the lack of correlation with the metabolic syndrome in the younger spouses suggests that the cumulative effects of long term cohabitation and subsequent adoption of similar lifestyles may be more important than assortative mating in determining the observed spousal correlations. Further evidence supporting this assumption can be derived from the high correlation between the spouses for intake of dietary components, including total energy intake. Another limitation of this study is its cross-sectional design, suggesting that caution should be used in causal interpretation of these findings. Further studies to establish the presence of metabolic syndrome at the time the marriage and the development of metabolic syndrome during marriage would allow discrimination of these factors. Misclassification bias might be another limitation of this study, but would likely be non-differential rather than differential, and thus would have attenuated the spousal concordance.
CONCLUSIONS
Our study revealed that there is significant spousal concordance for the metabolic syndrome and its components in Korean married couples. The increased risk of same metabolic abnormality within married couples supports the idea that shared environmental factors contribute to the development of the metabolic syndrome. These findings imply that we can reduce the risk of the metabolic syndrome having healthier lifestyles. The findings could also have implications for targeting screening or disease prevention measures at partners of people with the metabolic syndrome. The costs and benefits of screening spouses for metabolic syndrome would need to be considered. Metabolic score was defined as the number of presence of metabolic risk factors in NCEP-ATP III criteria.
ACKNOWLEDGEMENTS:
*Adjusted for age of both partners in bands` *Odds ratio of having metabolic syndrome in one spouse whose partner had metabolic syndrome, compared with those whose partner did not. The odds ratios were adjusted for age of both partners in bands.
